18 Birds are essential components of most ecosystems and provide many services valued by society.
144
In addition to supporting grassland-and wetland-dependent biota, the combination of the 145 region's rich glacial soils and temperate climate has made it an ideal area for agricultural 146 commodity production [42] . To facilitate crop production, approximately 95% of native tallgrass 147 prairie and 60% of native mixed-grass prairie have been converted to croplands since European 148 settlement (Fig 1) [43] . In an effort to increase our understanding of how this land-cover change 149 has affected the integrity of avian habitat, we quantified suitable grassland-bird habitat across the 150 three Level III ecoregions (Northern Glaciated Plains, Northwestern Glaciated Plains, and Lake 151 Agassiz Plain) [41] and one level IV ecoregion (Des Moines Lobe) [41] that constitute the 152 United States portion of the PPR (Fig 1) .
154
Modeling approach 155 We used the Habitat Quality Module of the Integrated Valuation of Ecosystem Services and 156 Tradeoffs (InVEST) modeling suite version 3.2.0 [44] to quantify grassland-bird habitat.
157 InVEST is a suite of spatially based modeling tools that quantify services derived from 158 ecosystems, including the maintenance of wildlife habitats [45] . Using InVEST, we modeled 159 grassland-bird habitat for the year 2014. We chose 2014 because it is the most current year for 160 which we could obtain both energy-development and CRP data layers. We created land-cover Table. 165
To develop a baseline habitat layer, we defined suitable grassland-bird habitat as any 166 land-cover category of grassland (i.e, herbaceous grassland [e.g., native prairie], CRP grassland, 167 hayland) and specific categories of small-grain cropland (S3 Table) . Habitat suitability weights 168 from 0-1 were assigned to each land-cover category relative to one another, with higher weights 169 representing the most suitable habitat. For example, native prairie and CRP grassland were 170 equally highly weighted (i.e., 1.0), small-grain cropland received a weight half that of grasslands 171 (i.e., 0.5), fallow land received the lowest weight for habitats (i.e., 0.3), and non-habitat land-172 cover classes received a weight of 0. For our analysis, suitable grassland-bird habitat was 173 defined as any pixel with a habitat rating ≥ 0.3, i.e., the lowest weight assigned to a land-cover 174 class identified as habitat. InVEST takes habitat models one step beyond relative habitat-175 suitability rankings by incorporating threats to habitat integrity, weighting those threats relative 176 to one another, incorporating the linear distance that those threats influence adjacent habitats, 177 and ranking the sensitivity of habitats to each threat. We identified threats to grassland-bird 178 habitat as the primary causes of fragmentation and degradation of large tracts of grasslands: 1)
179 woodland, 2) urbanization, 3) cropland, 4) roads, and 5) energy development [5, [46] [47] [48] [49] [50] [51] [52] [53] [54] . We 180 weighted each threat from 0-1 by expected impact to grassland-bird habitat, with higher weights We assigned the greatest threat value to woodland and urbanized areas because grassland 195 under two situations: 1) when a pixel becomes converted from a habitat land-use category to 196 non-habitat category, as in the situation whereby native prairie gets converted to corn, or 2) when 197 a pixel itself does not change land-use category, but a change in a nearby pixel triggers the threat 198 distance to decrease the focal pixel's value below 0.3. We chose to examine the impact of two of 199 our five threats, cropland and energy development, because cropland has the greatest footprint in 200 the PPR ( Fig 1A) and is the traditional and ongoing major cause of habitat loss for grassland 201 birds, whereas energy development is a more recent, but still developing, threat, and its impact is 202 more localized.
203
We created binary rasters of each threat's location across the PPR. We developed 204 cropland and woodland threat layers through a reclassification process of land-cover layers using We next used InVEST to quantify current (2014) grassland-bird habitat quality and 229 quantity, and grassland-bird habitat quality and quantity among our various scenarios of CRP 230 loss for the PPR within the United States. For our CRP grassland loss scenarios, we created 231 polygon sets containing 100%, 75%, 50%, 25%, 10% and 0% of the CRP fields in our 2014
232 baseline land-cover layer using a random, successive subsetting method so that CRP fields 233 included in lower percentage sets were also included in the higher percentage sets. Using each 234 set of polygons as a mask, these fields were converted to crop in our baseline land-use layer to 235 simulate the conversion of CRP grassland habitat to agriculture. By removing percentages of 236 fields rather than total area in our baseline data layer, we followed the assumption that if a farmer 237 decided to remove land from a conservation program, this decision would be made on a field-by-238 field basis rather than on an unrealistic pixel-by-pixel basis. We compared land-cover layers for 239 each percentage-loss scenario to total CRP grassland area in the 0% loss layer to verify that the 240 correct percentage of CRP grassland was converted to cropland. We used an output cell size of 241 40 m and a half-saturation constant of 0.20. In each run (i.e., scenario), the model worked to
242 erode the quality value of identified grassland-bird habitats (initial value ≥0.3) based on spatial 243 proximity to a threat, susceptibility to that threat, and the threat's strength (i.e., threat weight).
244 Output data layers from the model were used to create maps depicting changes in grassland-bird 245 habitat quality among scenarios of CRP loss. From our habitat quality maps, we produced 246 summary tables quantifying changes in suitable-habitat quantity (ha) by ecoregions. (Table 3 ; Fig 3A-B) .
304 Our modeling also reveals that the Des Moines Lobe would have the greatest relative loss of 305 suitable grassland-bird habitat (-28% in our scenario in which all CRP grasslands are converted 306 to cropland) and the Northwest Glaciated Plain the least (Table 3 ; Fig 3A-B) . 
308 Discussion

309
We demonstrated both the utility of applying the InVEST-modeling approach to 310 quantifying habitat suitability for grassland birds and estimating the effects of land-cover 311 conversion scenarios on these habitats. An important distinction between InVEST and other 312 approaches is that InVEST allows for not only the modeling of land-cover conversion scenarios, 313 but also the quantification of how habitat "threats" impact landscape-level habitat availability to 314 an organism. This allows for more robust quantifications of how matrices of land cover, some of 315 which are suitable habitat for birds and some of which are habitat threats, interact to affect 316 overall landscape integrity, in our case for grassland birds. We did not attempt to forecast 317 grassland-bird population sizes, but rather quantified habitat quality as influenced by threats and 318 susceptibility to those threats. Multiple factors in addition to summertime nesting habitat affect 319 grassland-bird populations, some (e.g., condition of wintering habitat) are far removed from our 320 study region. Thus, prediction of population sizes was beyond the scope of our work. However, 321 habitat-quality information derived from the methodology described here could likely play an 322 important role in the development and improvement of grassland-bird population models.
323
We chose to quantify the degree to which one traditional and widespread threat, cropland, 324 and one nascent but more localized threat, energy development, influenced the availability of 325 suitable grassland-bird habitat in the current (2014) matrix of land cover in the PPR. It is key to 326 note that, with the exception of our CRP-conversion scenarios, we did not quantify the direct loss 327 of habitat resulting from conversion of grasslands to cropland or due to energy development.
328 Rather, we quantified the effects of habitat threats within the current (2014) landscape 329 configuration on the remaining area of suitable grassland-bird habitat within that landscape.
330 Because of cropland's pervasiveness throughout the PPR, its cumulative impact as a threat to 331 remaining grassland-bird habitat is great, degrading remaining grassland-bird habitat at rates 332 varying from 13-31% across the region (Table 2 ). Energy development, as a much more 333 localized threat, had a smaller impact at 4-19% degradation rates across the region. However, in 334 places where energy development has occurred, the localized impact has affected entire blocks of 335 36 mi 2 (93.2 km 2 ) townships (S5 Fig) . By examining these threats at the ecoregion level, we were 336 able to determine those ecoregions in which grassland-bird habitats have been the most 337 impacted.
338
Cropland and energy development threats caused <1% of remaining grassland-bird 339 habitat fall from "suitable" to "unsuitable" as habitat. This may be explained in terms of where 340 cropland and energy development occur, which is in rural areas where, when a land-cover 341 change occurs (i.e., a crop/non-crop interface), that other edge is most likely to be grassland, 342 which will have a fairly high relative suitability ranking. The impact to watch, therefore, is the 343 degree to which remaining suitable habitat is degraded due to its proximity to cropland and 344 energy development. It is in this category that we see the influence of cropland and energy take a 345 marked toll on the integrity of grassland-bird habitat. It is also important to note that not all 346 cropland areas are unsuitable as grassland-bird habitat. Grassland-like crops and small-grains, 347 such as alfalfa and wheat, have some value as avian habitat, whereas row crops such as corn and 348 soybeans do not (S3 Table) . Therefore, we would expect highest degradation in highly 349 fragmented areas, e.g., where grassland and cropland edges regularly abut, and where those 350 cropland edges are row crops. The highest degradation, 31%, occurred in the Des Moines Lobe, 351 which includes the corn and soy fields of Iowa. A final point is that the low amount of habitat 352 that fell below 0.3 indicates that the greatest threat to grassland integrity is not degradation, but
353 the more direct effects of conversion to row crops, in which pixels that rank as high as 1
354 immediately fall below 0.3 upon conversion.
355
As to energy development, the largest congregation of oil and gas wells in the PPR is in 
395
The results of our modeling efforts identify recent past and potential future bird habitat 396 losses in the PPR of the United States. However, they also identify opportunities for the 397 improvement of habitats if current trends can be reversed, either through gains in CRP or through 398 other conservation programs that lead to increases in grassland habitats on the PPR landscape 399 (e.g., USDA Natural Resources Conservation Service's Agricultural Conservation Easement 400 Program). The potential of conservation grasslands to mitigate grassland-bird habitat loss in the 401 PPR has been demonstrated by the amount of suitable habitat that has been created on the 402 landscape through a single conservation program, the CRP. If the CRP was not as successful as it 403 has been in providing avian habitat on the PPR landscape, we would not see losses of these lands 404 from the landscape resulting in such significant declines in suitable grassland-bird habitat in our 405 modeled scenarios, and our validation work demonstrated that declines in habitat quality ratings 406 are directly related to declines in overall grassland-bird populations. Thus, the CRP and other 407 conservation programs can play a significant role in restoring grassland-bird populations in the 408 PPR. However, care must be taken to recognize the transitory nature of conservation lands that 409 are not protected through fee-title ownership or through long-term easements. As seen through 410 recent losses of CRP conservation grasslands across the PPR landscape, lands protected through 411 short-term contracts will likely revert to other uses during periods when conservation payments 412 lag behind profits that can be realized through conversion back to crop production.
413
An economic climate driven by demands for commodities has resulted in marked losses 414 of grassland-bird habitat not just in the PPR, but worldwide. The resulting impact on species 415 dependent upon habitat provided by natural and conservation lands could be substantial as these 416 lands are converted to commodity production. However, conversely, providing perennial 417 grassland cover on agricultural lands through conservation programs has great potential to 418 reverse these trends. Our results are applicable beyond the PPR in areas where grass-land bird 419 habitats consist of grasslands embedded in a cropland matrix and economic pressures favor the 420 conversion of natural and/or conservation grasslands to crop production and energy 421 development. By use of scenarios-based models such as InVEST to quantify grassland-bird 422 habitats, insights that help us identify potential effects land-cover change can be obtained. This 423 increased knowledge will be needed to facilitate the improvement and ultimate success of 424 grassland-bird conservation efforts. 
